Introduction
Microwave reflectometry has been widely used for measuring the electron density profile and recently density fluctuations in magnetically confined plasmas. In a conventional microwave reflectometry, the probing wave is launched and received on the equatorial plane using a pair of small horn antennas. The measurement is essentially a point measurement, and does not provide direct information on the spatial structure of the fluctuations [1] . In particular, for sufficiently large amplitude and/or wave number turbulence, the reflected field at the detector plane can become extremely complex due to the wave interference, making it difficult to extract accurate information of the density fluctuations at the cut-off layer.
Studies of this problem led to the development of the microwave imaging reflectometry (MIR) concept [2] . In this technique, large-aperture optics is used to shine the probe beam on a wide region of the cut-off layer, and collect back as much of the reflected beam as possible, and form an image of the cut-off layer onto the 1D array of detectors. The first MIR instrument of this type was installed on the TEXTOR tokamak [3, 4] .
KSTAR MIR system
The KSTAR MIR system is being developed to measure 2-dimensional (radial × poloidal) density fluctuations for turbulence study [5, 6] . The radial coverage is achieved by multifrequency probe beam sources as the radial position of the cut-off layers is a function of frequency and the poloidal coverage is achieved by illumination of the probe beam onto a wide region of the cut-off layer within the focal depth. The full system, to be installed by 2014, will have 5 radial and 16 poloidal detection channels. The target plasma parameters are B t = 3.0 ∼ 3.5 T, n e = 2 ∼ 5 × 10 19 m −3 , elongation ∼ 1.8, and triangularity ∼ 0.6. Prior to the full MIR system, a prototype MIR system with 2 radial and 16 poloidal channels is under development for 2012 KSTAR campaign. The MIR system will share a part of optics, referred as zoom optics, with the planned 2nd ECEI system (identical to the first ECEI system [7] ). The two system will simultaneously measure the electron temperature and density fluctuations in KSTAR plasmas. Figure 1 shows the combined KSTAR MIR and ECEI system.
Preliminary optics design
There are a few critical points in the design of the launching and receiving optics of the MIR system. The design of the launching optics has to consider the matching condition of the curvature of the probe beam wavefront to the plasma cut-off layer for the optical robustness and the wide coverage of the cut-off layer within the optical depth for resolving the spatial structure of the fluctuations. The receiving optics should restore phase front image of the reflecting layer (i.e., cut-off layer) on the detector plane by collecting as much of the reflected beam as possible using large aperture optics. Although a tall probe beam is required, one should consider the diffraction effect which deteriorates the phase reconstruction especially in the edge channels. Generally, the aperture size is limited by the port size and an optimal probe beam size is determined based on the aperture size and diffraction analysis. 
Summary
The KSTAR MIR system is being developed to measure 2D image of electron density fluctuation with 2 radial and 16 poloidal channels for 2012 KSTAR campaign. The full system with 5 radial and 16 polidal channels will be installed by 2014. The remotely controllable optics pro- Two frequency millimeter wave sources and the detection system including 16 channel detector array and RF electronics have been designed.
